Synopsis The molecular fragmentation of doubly charged l-alanine in gas phase was studied in radiation synchrotron experiments. In this presentation, we summarize our theoretical study on the dynamics of this fragmentation, using various computational methods. We show that in practice the ground state MD simulations are able to statistically reproduce the experimental results of the photo-fragmentation initiated at the excited state.
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The study of fragmentation dynamics of charged biomolecules is of great interest, aiming at helping us to better understand the processes of biological damage by irradiations. In recent experiments, l-alaline molecules were ionized into doubly charged excited states, as a result of the Auger decay induced by N 1s core photoionization. The excited molecules then dissociated into fragments. The Auger electron spectra were recorded in coincidence with time-offlight mass spectra of the cationic fragments using the Auger Electron Photo-ion Photo-ion Coincidence (AEPIPICO) technique (see Fig. 1 ) [1] . The probabilities of various dissociation channels were also measured as functions of the kinetic energy of the Auger electron, which implied that the fragmentation of the parent dication would follow different mechanisms, depending strongly on the internal energy deposited on the molecule.
Here, we summarize our theoretical study on the fragmentation dynamics of doubly charged l-alaline molecule in gas phase by using various computational methods, including the time-dependent density functional theory (TD-DFT) Ehrenfest Molecular Dynamics (MD), the Born-Oppenheimer MD simulations, the CarParrinello MD, the self-consistent charge density functional tight-binding (SCC-DFTB) MD and the atom-centered density matrix propagation MD simulations. As one of the simplest amino acids, l-alanine is an excellent benchmark model to test the performance of these methods, By comparing with the experimental results, we show that the more accurate TD-DFT method for excited state dynamics is too time-consuming to afford a statistical study. In practice, one can apply ground state MD simulations by depositing the vibrational internal energy in place of the excitation energy onto the molecule. As shown in Fig. 1 , the simulated AEPIPICO map by the SCC-DFTB method gives an overall agreement with experiment. We also show how the fragmentation dynamics depends on the spin state and the initial conformation of the molecule. 
